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1. 
2. 
Efforts w e r e  continued t o  perfect two model systems for  evaluating 
mechanical methods of recovering viable spores from the in te r ior  of 
plastics.  Spcres of Bacillus sub t i l i s  vat. nigcr were incorporated 
in to  polymerized methyl methacrylate (lucite) and recovered by 
dissolving the p las t ic  i n  acetone. Solvent-resistant membrane 
filters 
for  enraseration. 
fiiter on an agar surface could not be employed because water 
distorted the f i l t e r .  
obtained when the f i l t e r  w a s  placed direct ly  on the surface of 
the agar medium wbile i t  was s t i l l  molten (Table 1). 
(Gelman, alpha 6 and 8) were wed to  recover the spores 
The conventional technique of placing the 
Maximal recovery of viable spores was 
Spores were incorporated successfully in to  pieces of plastic 
formed ei ther  by laminating thin sheets of polystyrene with 
carbon tetrachloride, or by compressing powdered polystyrene 
in to  pellets using carbon tetrachloride as an adhesive. Spores 
were recovered by dissolving the plast ic  in carbon tetrachloride 
and passing the solution through a conventional d r a n e  f i l t e r  
(Millipore, HA) for subsequent enumeration. The rate of 
dissolution of both plastics was enhanced significantly by 
ultrasonication. 
evaluation of mechanical mean8 of recovering viable spores froin 
the in te r ior  of plast ics  since acetone and carbon tetrachloride 
are not toxic t o  test spores. 
Either system provides a valid control for the 
Studies were advanced on the use of ultrasonic energy for  removing 
microbial contamination from surfaces for  subsequent enumeration. 
Metal surfaces (11 x 16 inches) were contaminated a r t i f i c i a l l y  
with airborne spores of & s u b t i l i s  var. niner i n  an aerosol chamber. 
The standard cotton swab (swab-rinse) method was  employed fo r  
enmeration. Tests were done t o  determine i f  ultrasonication 
could be used t o  replace mechanical agitation for  eluting 
microorganisms from cotton swabs. 
ultrasonication not only consistently recovered more spores 
than mechanical agitation, but also effected lower coefficients 
of variation. Similar resul ts  were f o d  when swabs were used 
t o  remwe micraorgaaiems from naturally contaminated floors at 
randomly selected sites (Tables 2 and 3) 
The resul ts  shuwed tha t  
Most of the preliminary studies on ultrasonication vere conducted 
using a borrowed ultrasonic bath (JPL). 
a t  a fixed pawer setting rated a t  150 watts. 
unit  (CDC) was obtained for permanent use. The new bath has a 
power control uni t  by which the  rated power can be adjusted from 
0 to  300 watts. Because the tanks are of comparable size, the 
CDC unit  set a t  150 watts should, theoretically, be equivalent 
This bathwas operated 
A new but similar 
, 
2 
t o  the JPL u n i t  a t  150 w a t t s  with respect t o  removing micro- 
organisms from surfaces. In practice, however, it was  f o d  
that th i s  w a s  not the case. 
spores from s t r i p s  of stainless steel and glass could be achieved 
i n  the CDC unit only a t  a power se t t ing  of 300 watts (Table 4). 
Evaluation of the CDC uni t  w i l l  continue i n  an e f fo r t  t o  delineate 
factors, other than power, that may af fec t  the removal of micro- 
organisms from surfaces by ultrasonic energy. 
Comparable removal of heat-fixed 
A comparison of mechanical agitation and three ultrasonic system 
showed that significantly more spores were recovered from glass 
surfaces by the CDC and JPL ultrasonic baths than by mechanical 
agi ta t ion or an ultrasonic probe (Table 5 ) .  
test, no significant differences among the four methods were 
noted with the s ta inless  steel surfaces. 
ultrasonication was significantly more e f f ic ien t  than mechanical 
agitation i n  recovering spores from frosted glass (Table 6 ) .  
During th i s  particular 
As reported earlier 
Other tests showed that  more organisms were recovered from test 
surfaces when the sample bottles were placed on the bottom of 
the tank rather than suspended 1 inch from the bottom (Table 7). 
3. Earlier tests showed a coating of sodium silicate on s ta in less  
steel s t r i p s  markedly reduced the adhesion of microorganisms 
(Tables 8 ,  9, 10). Similar resul ts  w e r e  obtained when glass 
was used as the test surface. Slight but significantly higher 
percentages of recovery were obtained from coated glass s l ides  
which had been exposed to airborne spores of & s u b t i l i s  var- 
niger and also natural contamination as a resu l t  of handling 
(Table 11). 
4. Further observations were made on the survival of microorganisms 
on surfaces. Spores of B. subt i l i s  var. ni-r i n  an ethanol 
suepension inoculated on polystyrene granules (7 x ~d/gram) 
showed no significant die-away when stored a t  46 rcent re la t ive  
humidity (R,H. and temperatures of 20 C (4.7 x 10 s /gram) and 
37 C (4.8 x 10 3 /gram) fo r  143 days. A t  46 ercent R.H, and 50 C, oe the population decreased 1-5 logs (1.8 x 1 
test period (Figure 1). 
which were reported ea r l i e r ,  showed that when the seeded plastic 
was  stored a t  zero percent R.H., rapid and significant die-away 
was noted, A t  50 and 37 C no viable spores were detected a f t e r  
only several days of storage (Figures 2 and 3). 
experiments the death ra tes  of spores suspended i n  water or 
ethanol, dr ied on stainless  steel, and stored a t  SO C for 105 days 
a t  ei ther  zero or 46 percent R.H, were determined. 
cant differences i n  death rates were noted for  the water suspension 
of spores at  both relat ive humidities. 
rate did occur a t  zero percent R.H. when an ethanol suspension 
/gram) during she 
A paral le l  series of tests, p a r t s  of 
In subsequent 
No signifi- 
A s l i gh t  but f a s t e r  death 
. 
3 
of spores was  used (Figures 4 and 5 ) .  
not as f a s t  as when polystyrene was  used as the test surface. 
It was  concluded, tentatively, that  e i ther  toxic materials emnnate 
from the plast ic  or cer tain compounds i n  p las t ic  become toxic a t  
a re la t ive  humidity of zero percent. 
to confirm these resu l t s  and to determine i f  the same phenomenon 
occurs with polymerized methyl methacrylate. 
However, t h i s  die-away was 
Experiments are i n  progress 
5.  Studies w e r e  continued to  compare the levels and types 02 microbial 
contamination in  industrial  clean rooms and hospital operatin3 
rooms. The resul ts  definitely showed that the level  of aerobic 
mesophilic microorganisms accumulating on stainles 
industrial clean roorue and essentially the same as i n  factory 
areas (Tables 12 and 13 and Figures 6 and 7). 
microorganisms which accumulated on surfaces in the operating 
rooms resembled those found i n  factory areas i n  that re la t ively 
high numbers of Bacillus spp. molds, and actinomycetes were 
found and few staphylococci and micrococci. In clean rooms the 
opposite pattern usually occurs (Table 14). 
steel surfaces 
in 4 operating rooms was at least  1 log higher (1 d ) than i n  
The types of 
A i r  sampling patterns also showed that the levels of airborne 
viable particles per cubic foot of air i n  operatfng rooms were 
significantly higher than i n  clean rooms even with poor environ- 
mental control (Clean toom A) and were essent ia l ly  the same as 
i n  factory areas (Figures 8 and 9 ) .  
6. Further studies were made on the formulation of culture media for 
optimm recovery of aerobic and anaerobic spores, especially those 
injured by dry heat or  ethylene oxide. 
obtain a test organism whose spores require a heat shock for  
maximal germination. 
are wed i n  many of our model systems, heat shocking at 80 C for 
15 minutes consistently resulted i n  viable counts one-third to one- 
half  those obtained €ram suspensions not so treated. 
hand, when spores of 8. subtf l is  s t r a i n  5230 w e r e  heat-shocked 
under the sane canditioas, resulting viable counts were two t o  
three times higher than those obtained from suspensions that  were 
not heat-shocked (Table 15) . Consequently, the latter organisms 
w i l l  be employed for  experiments to  deEennine i f  supplements 
such as calcium dipicolinate can replace heat shock for  spores 
injured by dry heat o r  ethylene oxide. 
Efforts w e r e  concentrated to  
With spores of & sub t i l i s  var. niizer, which 
On the other 
7. A research laboratory w a s  established a t  Cape Kennedy for monitoring 
microbial contamination within areas used for the asembly, testing, 
and fueling of spacecraft. 
staffed. Various spacecraft contractors were contacted i n  order to  
explain the sampling program and to obtain their  cooperation. 
Preliminary studies w e r e  ini t ia ted i n  Hangar S (Lunar Orbitor 
Assembly and Testing Area), Building AE, a d  a portable ver t ica l  
laminar flaw clean room within Building AE (Interplanetary Monitoring 
Platforat Assembly and Testing A r e a ) ,  the Xxpllosive Safe Fac i l i ty  
(Surveyor fueling area) and the operating su i te  of the Bioastronautics 
Hospital (Figures 10, 11, 12, 13). 
few weeks of sampling showed a re lat ively low level of airborne 
microorganisms accumulating on stainless  steel s t r i p s  i n  most of 
the areas which had l i t t l e  or no ac t iv i ty  ( Tables 16 and 17). 
Hangar S there w a s  no activity i n  the areas tested during the 
first two weeks. 
spacecraft and e lec t r ica l  equipment were moved in to  the clean rom. 
During th i s  latter period there was heavy personnel ac t iv i ty  with 
as many as 15 people present i n  the room a t  one time. 
increased ac t iv i ty  was accompanied by a sharp increase i n  the 
levels of microorganisms accumulating on stainless  steel s t r i p s  
(Table 18) 
the next quarter, 
This laboratory has been equipped and 
Results obtained during the first 
In 
During the third week of sampling, the prototype 
This 
More definit ive information w i l l  be available during 
1 
TABLE 1. EFFECT. OF PLATING TECRNIQUE ON DEVELOPMENT OF VISIBLE C O N I E S  
OF B, SUBTILIS VAR. NIGER ON DIFPERENT TYPES OF MEMBRANE FILTERS. 
Methodz 
5 P e  of Hours of Fil ter  placed fn F i l t e r  overlaid F i l t e r  placed 
f i l t e r  incubation surface of TSA with TSA on molten TSA 
--_-. Gi-32-c_-- - No of colonies -No. of colonies No. of colonies 
Wll ipore ,  EA 24 353 
0.45 micron 48 - 
72 - 
Gelman, G4 0.45 24 
micron 48 
72 
Gelman, A l p h a  6 24 
0.45 micron; 48 
solvent res i s tan t  
3 15 - - 
0 
268 
- 
0 
48 
231 
169 49 - 196 
331 - - 
2 16 
313 
Trppticase soy Agar 
Spores were suspended i n  carbon tetrachloride and aliquot8 passed through 
each type of f i l t e r .  
c 
TABLE 2. RECOVERY OF SPORES OF B, SUBTILLS VAR. NIGER FROM COTTON 
SWABS BY MeCRANICAL AGITATION AND ULTRASONICATION, 
Test No. Procedure Spores Coefficient Probability 
2 per in, 
recovered of variation factor 
7. 
1 Ultrasonic bath 1,412 8.1 
Mechanical agitation 1,094 9-8 
P c_ 0.001 
2 Ultrasonic bath 1,047 4.1 
P < 0-20 
Mechanical agitation 910 22.0 
3 Ultrasonic bath 2 14 7-2 
Mechanical agitation 151 19.5 
P < O . o o l  
4 Ultrasonic bath 146 10.1 
Mechanical agitation S8 35.6 
P r0.02 
TABLE 3, RECOVERP OF MICROBIAL CONTAMINATION FROM COTTON %:JABS BY 
MEcHALmcAL AGITATION AND ULTRASONICATION. 
Test No, Procedure Microorganisms' Coefficient of Probability 
recover d variation . factor 
per in. fi x 
1 Ultrasonic bath 71 
Mechanical agitation 33 
70.7 
73.0 
P < 0,001 
2 Ultrasonic bath 21 54.0 
Mechanical agitation 18 87.2 
P <0.05 
Natural coatamination on noor of laboratory 
TAB= 4. COMPARISON OF TWO ULTRASONIC BATHS I N  THE REMOVAL OF 
HEAT-FIXED SPORES OF & SUBTnIS VAR. NIGER FRUM 
STAINLESS S T E n  AND GLASS STRIPS. 
U1 trasonic 
bath 
Rated p e r  
in watts 
Percentage 
removal 
JPL 
CDC 
CDC 
JPL 
CDC 
CDC 
STAINLESS STEEL 
150 
150 
300 
mss 
15 0 
-
I 
150 
300 
93.6 
53.7 
88.3 
84.6 
48.7 
78.6 
TABLE 5 .  COMPARISON OF MECIWICAL AGITATION AND TBEEE ULTaASONIC 
S Y S B  IN RExNmG spoE(Es OF & SrnILIS VAR. MGEX FROM 
STAITSLESS STEEL AND GLASS STRIPS. 
Surface Coefficient of Percentage of 
variation (%) recovery 
A. Mechanical agitation Stainless steel 4.4 
Glass 14.0 
B. Ultrasonic probe Stainless steel 2.2 
Glass 2.1 
C. JPL unit; Stainless s teel 7.9 
Ultrasonic bath, G b S S  18.8 
150 watts 
Dt CDC mtr; S tainfess 8 teel 6.1 
Ultrasonic bath, Ghas 2 -6 
300 w a t t s  
94.2 
67.1 
96.1 
93.5 
95.6 
84.1 
96.2 
98.0 
TABLE 6 .  A COMPARISON OF MECHANICAL AGITATION AND ULTRASONICATION IN 
REMOVING SPORES OF B, SUBTILIS VAR. NIGER FROM SURFACES OF 
STAINLESS STEEL AM) FROSTED GLASS. 
Percentage removal 
Surface Pretreatment of Nechanical UltrasonfcaCion 
_-_ - _I. I inoculated surface ag_itation 
Stainless steel  
Stainless steel  
Frosted glass 
Frosted glass 
none 
heat 1 
none 
heat 1 
95 99 
91 9 1  
26 92 
13 96 
1 
Inoculated test surfaces were placed in  a dry heat oven at  120 C €or 
20 minutes. 
TABLE 7. COMPARATNE RATES OF RECOVERY OF B. SUBTaIS VAR. NIGEX 
SPORES FROM SURFACES PLACED ONTO OR SUSPENDED FROM TBE 
BOTTOM OF AN ULTRASOMIC BATH. 
Percentage recovery1 
Surf ace Pretreatment of Suspended 1 in. Resting on 
inoculated surface from tank bottom tank bottom 
Stainless steel none 77 97 
Stainless steel  heat Si 96 2 
Frosted glass none 
Frosted glass heat 2 
74 
67 
52 
98 
Mean of 5 samples 
Inoculated test surfaces were placed in  a dry heat oven at  120 C for 
20 minutes. 
TABLE 2. COATED' AND uNcQAI%D STAINLESS 
MICROBIAL C O ~ T I O N  AFTER 
2 
PEPTOME WATER, 
STEEL STRIPS MTAINING 
FlEcRANTcAL AGITATION IN 
~-~ -~ 
Coated Uncoated 
Strips plated 102 102 
Strips with colonies 5 41 
Percent with colonies 4 . 9  40.2 
_--- 
Sodium si l icate  
Str ips  were contaminated as the result of Ealloue of airborne 
microorsanisms . 
* 
- .  . 
TABLE 9.  RECOVERY OF MICROORGAMSMS FXM COATEZ)' AND UNCOATED 
STAINLOSS STEEL smns c-mm BY HANDLING. 
Experiment 1 Experiment 2 
I -- 
Coated s tr ips  handled 
Mean 9, recovery 
Uncoated s tr ips  handled 
Mean X recovery 
Probability factor 
30 
99.7 
13 
85.4 
P < 0001 
40 
98.9 
10 
91.4 
P < .001 
sodium silicate 
1 
T A a E  10. PCECOVERY OF HEAT-FIXED SPORES FROM CQATED AND UNCOATED 
STAINLESS STEEL STRIPS CONTAMINATEI) BY SIMULATED AERIAL 
FALLOUT. 
2 
Experiment 1 Experiment 2 
Coated strips exposed 12 12 
Mean % recovery 99.9 99.6 
Uncoated strips exposed 12 12 
Mean X recovery 94.3 93.8 
Probability factor P (.001 P < ,001 
Sodium silicate 
Strips were exposed to an aerosol, & subtilis var. niaer in an 
aerosol chamber. 
1 
TABLE 11. RECOVEXY OF MICROORGAMSPiS FROM GLASS SURFACES COATED 
WITH SODfzipl SILICATE. 
Percenta e Probability H factor  T e s t  number Condition Pretreatment and micro- of surface of inoculated recovery 
organism surface 
1. B. s u b t i l i s  uncoated none S6.6 P < 0.02 
var. niaer coated none 99.9 
uncoated heat 97.6 P < 0.05 
coated heat 99.8 
2. - B. sub t i l i s  uncoa zed none 28.3 P c 0 . q .  
var. niger coated none 94.9 
uncoated heat 88.3 P -, 0.02 
coated heat 94.9 
3. Natural contami- uncoated none 98.7 P \ 0.02 
nation as the coated none 97.3 
r e su l t  02 handling 
Mean of 10 samples 
TABLE 12. LEVELS OF MICROBIAL CONTAMINATION WHICH ACCUMUIATH) ON 
STAINLESS STEEL STRIPS EXPOSED G T f T H I N  HOSPITAL A. 
Samples n c t  heat-shocked Samples heat-shocked 
Weeks of a t  80 C for 15 min. 
exp mure Aerobes Anaerobes Aerobes Anaerobes 
- __-__ No. / 2 r L  Nod /ft' No. / f t Z  No. /ELL 
OPERATING ROOM 1 
1 28,260 4,402 2,938 1,800 
2 55,102 4,320 3,240 1,250 
3 41,278 5,278 5,098 3,83C 
4 69,357 5,580 4,320 3,398 
5 44,784 4,500 2,664 1,852 
6 22,176 5,580 3,672 1,922 
7 27,504 7,978 6,660. 3,55€ 
8 43,502 6,718 2.462 1,318 
OPERATING ROOM 2 
3 68,112 9,180 2,664 1,858 
5 31,500 5,940 3,298 1,440 
9 49,442 6,538 4,918 1,980 
12 22,558 3,542 6,300 3,298 
15 20,376 3,535 7,135 2,520 
18 21,9.50 6,8% 5,975 2,815 
21 111,695l 7,078 6,178 2,275 
The t ray containing stainless  s t ee l  s t r i p s  was knocked over prior  to  assay. 
TABLE 13. LEVELS OF MICROBUU, CONTAMINATION WHICH ACCUMULATED ON 
STAIMLESS STEEL STRIPS VEXPOSED VITHIN HOSPITAL B. 
Samples not heat-shocked Samples heat-shocked 
Weeks of at 80 C for 15 min. 
exposure Aerobes Anaerobes Aerobes Anaerobes 
_ -  No. /rtL No. /f tL m. /f tZ No*/f tL 
OPERATING ROOM 1- 
1. 51,078 6,722 2,462 2,442 
2 39,352 11 ,700  3,542 1 ,G22 
3 17,942 5,278 1,318 1,022 
4 19,594 6,120 4,622 1,022 
5 28,742 3,092 3,658 1,922 
5 25.380 4,912 6.214 2.520 
OPWATING ROOM 2 
3 19,620 13,018 1,678 1 , 260 
6 20,880 4,982 2,160 1,440 
9 18,720 3,780 4,622 2,218 
12 23,278 3,730 5,162 2,038 
15 15 9,480' 70,560 151,798 51,380 
18 56,758 43,518 42,718 30,960 
A new floor was put in during the 12th and 15ch weeks of exposure. 
This activity lasted 2 to 3 days. 
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TABLE 15. EFpf3CT OF BEAT S " G  SPORES OF B. SUBTILIS VAX. NIGZR -
AND B. SUB'MLIS 5230. 
Microorganism Bo heat shock Heat shocked a t  
80 C for 15 dn. 
No./ml x lo5 Bo./m1 x lo5 
- B. subt i l i s  V ~ K .  niger 
1, Water suspension F-W 3,700 1,620 
4,350 1,570 2. Ethanol suspension F-A 1 
3. Ethanol suspension 0-A 1,100 355 
- B. subt i l i s  5230 
1. Water suspension IUS-W 385 
2. Ethanol  suspension M S - A  280 
925 
840 
Spore suspensions which were stated in 95 percent ethanol tiere diluted 
i n  steri le  disti l led water before each test.  
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Comparative survival ra tes  of spores of Bacillus sub t i l i s  var. niner 
on polystyrene a t  temperatures of 20,  37, and 50 C, and a t  a re la t ive  
hudd i ty  @.&I of 46 percent. 
survival rates of spores o f k s u b t i l i s  var. niner on granules of 
polystyrene at  37 C and 46 and 0 percent R.H. 
Survival rates of spores of 
polystyrene a t  37 C and 46 and 0 percent R.H. 
Survival of a water suspension or' spores of B. sub t i l i s  var. niner 
on stainless  steel surfaces a t  50 C and 46 and 0 percent R.E. 
Survival of an ethanol suspension of spores of & sub t i l i s  var. niszer 
on stainless  steel surfaces at 50 C and 46 and 0 percent R.H. 
Comparative levels of airborne microbial contamination which accumulated 
on stainless  steel s t r ip s  exposed to the intramural environments of two 
hospital  operating rooms, a manugacturing area, and a conventional 
clean roam for 21 weeks. 
Levels of airborne contamination which accumulated on stainless  steel 
s t r i p s  exposed to  the intramural environments of two hospital operating 
rooam for six and eightweeks. 
Levels of airborne contamination in operating room 2 of Hospital B. 
Comparative levels of airborne contamination in  an operating room, a 
factory area, a conventional clean room (A), and a horizontal laminar 
flow clean room 0). 
Areas used for the assembly and testing of lunar spacecrajt. 
%agar "S" . 
Building AO. 
Building AE. 
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